circumstances ( 3 ) . External validity refers to the extent to which study fi ndings can be generalized or extrapolated to the target population of interest ( 2 ) . As emphasized in a recent report by the Agency for Healthcare Research and Quality ( 4 ), effi cacy and effectiveness trials exist along a continuum defi ned by the target population and study setting, the strictness of eligibility and exclusion criteria, the health outcome measures of primary interest, the intervention regimen and mode of delivery, the adequacy of the sample size and duration of follow-up to detect minimally important differences, and the use of intention-to-treat analyses to increase the generalizability of intervention effect estimates.
The development of behavior change interventions that can be broadly disseminated is a high priority of the National Institutes of Health ( 5 ) . For interventions to achieve their maximum public health impact, results from intervention trials must be generalizable ( 6 -9 ) . A 2004 supplement of the journal Cancer , jointly sponsored by the National Cancer Institute, American Cancer Society, and Centers for Disease Control and Prevention, urged researchers involved in cancer screening interventions to pay more attention to external validity (such as participant representativeness) in the design of effi cacy trials ( 10 ) . The supplement further emphasized that "The sooner researchers and funding agencies understand the constraints on intervention delivery in the real world, the more likely programs are to be adopted" ( 10 ) .
Effi cacy trials typically exclude from their analyses nonrespondents, those who refuse to participate, those who withdraw from the study, and participants with any missing data on the outcome variable of interest ( 11 ) . In addition, intervention trials are seldom population based and are often restricted to a specifi c geographic location, health-care system or provider, and demographic profi le of study participants ( 4 ) . Thus, the internal and external validity of study fi ndings and the potential for broad dissemination of most health promotion interventions remain uncertain. This uncertainty further challenges the validity of the cost-effectiveness analyses that form the basis of public and private health-care policy ( 12 ) .
We sought to overcome limitations in internal and external validity by targeting the population of US women veterans in a patient-directed, nationwide intervention trial to promote regular mammography screening, Project HOME (Healthy Outlook on the Mammography Experience) ( 13 ) . Guided by the CONSORT statement ( 14 ) , the Code of Professional Ethics and Practices of the American Association for Public Opinion Research ( 15 , 16 ) , the Evidence-Based Behavioral Medicine Committee ( 17 ) , the Agency for Healthcare Research and Quality's criteria for distinguishing effectiveness from effi cacy trials ( 4 ) , and criteria specifi cally recommended to improve external validity in health promotion research by Glasgow et al. ( 11 ) , we systematically assessed Project HOME's internal and external validity. Our approach included the following elements: 1) fl ow diagrams showing the passage of study candidates through each stage of the trial; 2) internal validity assessments comparing randomized study groups on correlates of mammography screening measured at three time points: the date of randomization, baseline survey completion, and the trial's end; and 3) three external validity assessments -the fi rst evaluating possible "cueing" effects of baseline and interim surveys on mammography screening outcomes in our study population; the second comparing mammography screening trends over the 3.25-year study period in the study population, independent of intervention effects, with the corresponding trends in the US female population; and the third comparing characteristics of nonparticipants with those of participants remaining at the end of the trial. This approach can be adapted to future intervention trials in cancer prevention and control, regardless of whether they are effi cacy trials of relatively limited scope or large-scale, population-based effectiveness trials.
Subjects and Methods

Study Design
Project HOME was a population-based randomized longitudinal intervention trial that was positioned closer to the effectiveness than the efficacy end of the continuum ( 4 ). As described in the accompanying article by Vernon et al. ( 13 ) , Project HOME was designed to test hypotheses regarding intervention effects on mammography use during a 30-month follow-up period. Mammography rates in women who received the more personalized (tailored and targeted) intervention (group 1) and the less personalized (targeted) intervention (group 2) were compared with those in control group 3 ( Figure  1 ) using intention-to-treat principles ( 18 ) . An intention-to-treat
CONTEXT AND CAVEATS
Prior knowledge
Trials to assess interventions to change behavior often evaluate internal validity or the efficacy of the intervention under optimal conditions. However, they are rarely set up to evaluate external validity, that is, the intervention's likely effectiveness in the broad population.
Study design
A nationwide, population-based trial of US women veterans to evaluate an intervention to promote regular mammography, Project Healthy Outlook on the Mammography Experience, was designed to address both internal and external validity. Internal validity was assessed by comparing intervention groups on participation and factors associated with mammography screening; external validity was assessed by establishing additional control groups to evaluate survey "cueing" effects and general population trends and by comparing characteristics of nonparticipants with those of participants.
Contributions
The intervention groups were similar, indicating that the trial is likely to be internally valid. There was no evidence that completing the baseline or interim follow-up surveys by themselves led to an increase in mammography. The external validity assessment revealed a decline in mammography over time similar to that seen in the broader US population. Finally, there were no statistically significant betweengroup differences comparing nonparticipants with participants.
Implications
The trial is likely to be both internally and externally valid. The approach used by the authors is adaptable to studies of other behavior change interventions.
Limitations
Many women veterans obtain health care outside the Veterans Administration system, so complete ascertainment of mammography in nonparticipants was not possible. This type of under-ascertainment would be expected to reduce only slightly the magnitude of the study's intention-to-treat estimates of intervention effectiveness. analysis can improve both the internal and external validity of intervention trials by including the entire sample originally selected for the trial, regardless of participation or compliance with the intervention regimen ( 2 ) .
Intervention trials can further address external validity by comparing nonparticipants with participants at the end of the trial on characteristics known to infl uence the study outcome ( 11 ) . Substantive differences weaken the ability to generalize study fi ndings to the target population of interest. For the conventional external validity assessments, Project HOME needed only three study groups. However, by adding control groups 4 and 5, for which the baseline survey measurements lagged 1 and 2 years, respectively, behind those of groups 1 -3 ( Figure 1 ), we designed Project HOME to address two other important external validity issues.
The fi rst external validity issue arose because Project HOME was designed to test an intervention that incorporates personalized feedback tailored to individual participants' current knowledge, attitude, and behaviors relating to breast cancer screening, as described in Vernon et al. ( 13 ) . To collect the information needed for tailoring, we administered preintervention surveys at baseline and year 1 follow-up ( Figure 1 ). To examine the extent to which the baseline survey alone (independent of the intervention) served as a cue for women to obtain subsequent mammography screening, we compared control group 4 with control group 3. To determine whether the year 1 follow-up survey further infl uenced mammography screening (independent of the intervention), we compared control group 5 with control group 3 ( Figure 1 ). Identifying any possible cueing effects of the baseline and year 1 follow-up surveys in this manner would strengthen the external validity of our fi nal conclusions regarding intervention effects.
The other additional external validity issue relates to the longitudinal design of the trial and concern for possible changes (ie, secular trends) in the mammography screening behavior of our target population during the 3.25-year duration of the study, independent of any intervention infl uences. The causal factors underlying such population-wide temporal trends could be strong enough to modify (ie, augment or counteract) the trial's intervention effects. At the same time, if secular trends in the mammography screening behavior of our target population were found to coincide with trends reported for the general US female population, our results could be extrapolated beyond the target population of women veterans to the general US population.
Target Population
In the United States, opportunities to conduct effectiveness trials of cancer screening interventions are constrained by the health-care system available to the target population ( 19 ) and the variability in health-care providers' interpretation of the Health Insurance Portability and Accountability Act ( 20 -22 ) , both of which affect researchers' access to eligible study candidates and their medical records. We chose the occupational cohort of US women veterans because of its universal access to health-care services and the fact that it otherwise mirrors the US female population in demographic profile ( 23 -26 ) , geographic dispersion, mammography screening rates ( 27 , 28 ) , and complex, real-world patterns of use of private-and government-sponsored health-care services ( 23 , 24 , 26 ) . The Veterans Administration (VA) health-care system provides a "safety net" for uninsured and underinsured veterans ( 29 ) , although more than 65% of US women veterans have never used the VA health-care system ( 26 ). Even regular VA users (<12% of all US women veterans) often alternate between VA and private-sector providers ( 30 -32 ) .
An estimated 39% of US women veterans were older than 50 years in 2002, similar to an estimated 41% of US females ( 33 , 34 ) . The racial composition of US women veterans (71% non-Hispanic white, 18% African American, and 11% other) is also similar to that of the general US female population (71% non-Hispanic white, 13% African American, and 16% other). Finally, the proportion of women veterans with less than a college (bachelor's) degree (82%) is relatively close to that of the US female population (86%), although as a result of their service in the military more women veterans have received post -high school training (49%) than US females (27%) ( 33 -35 ) .
Source of Study Population (Sampling Frame)
The National Registry of Women Veterans (NRWV) was developed by one of the authors (D. J. del Junco, unpublished data, 1998 ) to promote health-related research of potential benefit to the entire population of US women veterans. The exact number of surviving women veterans since World War II is unknown due to historical limitations in data entry and processing and the lack of a coordinated system to track mortality in the veteran population. To create the NRWV, information on individual veterans had to be extracted from 14 different VA and Department of Defense (DoD) data sources. Each NRWV record identifies a unique woman veteran and contains the following basic set of variables: social security number (SSN), full name, date of birth, use of any VA health services between 1986 and 1997, and 14 indicators to identify which of the 14 VA and DoD source databases contains information about the veteran. Upon its completion in 1997, the NRWV identified 1.4 million of the 1.6 million women veterans that the VA estimated had separated from active military duty after January 1, 1942, and through December 31, 1997 ( 36 ) . Separations of women from active military service since 1997 have been routinely updated in DoD and VA databases.
Study Sample Selection
Criteria for selection of potential study candidates from the NRWV included the following: a null or missing value for decedent status on the NRWV source databases, a valid SSN (needed to ascertain decedent status or current address), and an age of 52 years or older as of June 1, 2000 . Despite controversies about the benefit of mammography screening in terms of mortality reduction ( 37 -39 ) , the US Preventive Services Task Force recommends that women aged 50 -69 years be screened every 1 -2 years with mammography ( 40 ) , and the VA's mammography policy is to screen women 52 -69 years of age every 1 -2 years ( 41 ). An upper age limit was not imposed in our study because both medical judgment and recent evidence support screening older women unless otherwise indicated by health status ( 42 ) .
To increase external validity ( 2 ), the data manager (SPC) used a computerized random number generator in Stata Statistical Software (Release 9; StataCorp LP, College Station, TX) to select the study sample from the subset of age-eligible NRWV records. To identify and exclude additional decedents and ineligible survivors with unknown age, we cross-linked the subset of age-eligible NRWV records with the updated VA Benefi ciary Identifi cation and Records Locator System (BIRLS) and Patient Treatment File (PTF) databases.
Additional deaths, males, and records with invalid SSNs or ineligible birthdates were identifi ed and excluded from the study sample following cross-linkage with the Social Security Administration's Death Master File ( 43 ) and databases maintained by Experian. A comprehensive search strategy was developed to acquire and maintain up-to-date contact information on survivors in the study sample through databases maintained by Experian, the Internal Revenue Service, the National Change of Address database, and web-based public directories. Potential candidates were excluded if they lacked a complete, deliverable mailing address or if their only available address was outside the United States or Puerto Rico.
The study was conducted through The University of Texas Health Sciences Center -Houston School of Public Health and the VA Medical Center in Durham, North Carolina. The study protocol was approved by the institutional review boards of both institutions.
Participant Recruitment and Retention
To maximize our ability to systematically monitor study procedures, an in-house research team conducted all participant recruitment and retention activities. To increase the success of these procedures, we followed methods recommended by Dillman ( 44 ) and Aday ( 45 ) . For example, we included small tokens of appreciation (eg, bumper sticker and jar and letter openers that were embossed with a Project HOME study logo and toll-free telephone number) in the first mailing of all study surveys. Nonrespondents to the first mailing of any study survey were sent a reminder postcard after 3 weeks. Nonrespondents to reminder postcards were sent a second survey after 7 weeks. After 11 weeks, if a telephone number was available, we called nonrespondents up to six times to give them an opportunity to provide information over the telephone. To maximize the success of our attempts at telephone contact, we followed a contingency-based protocol of two daytime calls, two evening calls, and two weekend calls. At the study's end, nonrespondents to the follow-up telephone calls in groups 1 -3 were given an opportunity to win a $500 lottery if they returned a completed abbreviated follow-up survey.
Because the NRWV is a historical database, we expected that only a portion of the records selected for Project HOME would ultimately fulfi ll all the eligibility criteria: a deliverable address; female sex; age 52 years or older as of June 1, 2000; past but not currently active service in the US military; no previous diagnosis of breast cancer; and no physical or mental inability to participate in the trial. To identify additional ineligible records after linkages with the available electronic databases, we mailed candidates a one-page eligibility survey along with a letter introducing the study. The introductory letter (and all subsequent study mailings) explained that participation in the trial was voluntary and involved responding to periodic mailed surveys and receiving educational materials, that all study information would be confi dential, and that only study investigators would have access to the data. The mailed eligibility survey offered recipients the opportunity to report study ineligibility or decline study participation. Recipients who were eligible for the trial were asked to update their name and address information and to provide a telephone number for future contact if necessary. The eligibility survey was intended to maximize study group equality by enabling the exclusion of as many ineligible and uninterested individuals as possible before random assignment to the study groups.
To achieve the estimated required sample size of at least 3000 eligible participants (600 in each of the fi ve groups) ( 13 ), we originally randomly sampled 12 000 records on September 4, 2000, to allow for nonresponse and ineligibility among potential candidates. Higher than expected levels of nonresponse (n = 5582) and ineligibility (n = 4133) following the initial mailing of the eligibility survey led us to draw a second random sample of 11 000 NRWV records on June 1, 2001. Although doing so was not part of the original study protocol, staggering the two sampling rounds 9 months apart provided a unique opportunity to evaluate the reliability of our sample selection, randomization, and recruitment procedures across time. Follow-up ended December 17, 2003, for sampling round 1 and October 1, 2004, for sampling round 2.
About 2 months after each round of eligibility surveys was mailed, the study's data manager conducted all random allocation procedures using Stata Statistical Software without knowledge of study candidates' NRWV characteristics or contact information. Random assignment to study groups 1 -5 was stratifi ed by sampling round (fi rst or second) and candidates' status on the eligibility survey (self-reported eligible vs nonrespondent with unknown eligibility). The latter stratifi cation enabled nonrespondents to join the study, report ineligibility, or refuse participation at any time during the 3.25-year study.
Within 1 month of random assignment, women in groups 1 -3 were mailed a baseline survey. On completion and return of the baseline survey or 3 months after the baseline survey mailing date, whichever occurred fi rst, we mailed women in groups 1 and 2 printed intervention materials that were targeted to the interests of women veterans and that encouraged them to be screened annually for breast cancer according to the American Cancer Society recommendations in effect at the time ( 46 ). As described in Vernon et al. ( 13 ), we also sent group 1 personalized letters and bookmarks containing expert (tailored) feedback ( Figure 1 ) . Approximately 1 year after mailing the baseline survey, we mailed the year 1 followup survey to the women in groups 1 -3, and the 1-year -delayed baseline survey to the women in group 4. Within 2 months, we mailed the second intervention cycle to the women in groups 1 and 2. Approximately 1 year after mailing the year 1 follow-up survey, we mailed the fi nal (year 2) follow-up survey to the women in groups 1 -3 and the 2-year -delayed baseline survey to the women in group 5 ( Figure 1 ) .
Throughout the study, we ascertained deaths among potential study candidates from next of kin, local postmasters, and internet resources, including web-based genealogy death indexes and Experian databases. At the end of the study, we searched for any remaining but previously unreported decedents in the updated VA and Social Security Administration databases ( 43 ) and in the National Death Index ( 47 ).
Measurement of Variables
The baseline survey included questions on demographics, military experience, prior history of mammography screening, and other psychosocial factors as described in Vernon et al. ( 13 ) . The year 1 and 2 follow-up surveys focused on mammography screening. Questions regarding ineligibility for Project HOME were included on all surveys.
For the internal validity assessments and the external validity assessment in which nonparticipants were compared with participants, we used available data on study candidate status (ie, survey respondent, nonrespondent, or postrandomization refusal to participate) along with the following factors associated with mammography screening ( 48 -53 ) : age (52 -64 or ≥ 65 years, with the cut point based on Medicare eligibility), race/ethnicity (African American, Hispanic, non-Hispanic white, or unknown), educational level (high school or less, some college, college graduate or higher, or unknown), and the following surrogates for factors that are associated with mammography screening: current home state (CA, FL, TX, PA, NY, and all others), because regional differences in mammography screening rates across the United States refl ect population variation in income and access to care; self-report of past use of VA health-care services (yes or no) or source database of NRWV record = VA (VA PTF or Outpatient Clinic File [OPC], DoD, or VA BIRLS), because users of VA health-care services are known to have lower income and higher morbidity than other women veterans ( 30 -32 ) ; sampling round (one or two), because study candidates recruited into the study at different time periods may experience different external infl uences on mammography screening behavior; and survey response mode (mail or phone), because the mammography screening behavior of participants who do not respond to mailed surveys but later respond to a telephone follow-up may differ from that of mailed survey respondents.
We ascertained mammography status according to selfreport on the baseline and postintervention year 1 and year 2 follow-up surveys. On each survey, respondents were asked to report the month and year of their two most recent mammograms. Although trials using intention-to-treat analyses ideally measure the study outcome of everyone in the study sample regardless of study participation (eg, by using an existing database of medical records) ( 4 , 18 ), this is not typically an option for population-based trials that are conducted outside organized systems of health care. In Project HOME, we were able to search the VA's centralized medical records databases (ie, the PTF or OPC) between October 1, 1996, and September 30, 2005, as an independent source of mammography ascertainment for the subset of women who had ever used VA health-care services. For these analyses, study women were identifi ed as an "ever VA user" if they reported having VA health-care insurance or receiving their last mammogram at a VA-sponsored facility on their baseline survey, if either the VA PTF or OPC database was a source of their original NRWV record, or if a VA record documented their receipt of one or more VA-sponsored mammograms within the 30 months before the date their baseline survey was mailed.
Statistical Analyses
Internal Validity Assessment. We tested for any inequalities in the distributions of covariates across study groups using univariate chi-square tests at three time points: the date of randomization, the date of baseline survey completion, and the date of completion of the final follow-up survey. For all time points, we compared the study groups on study candidate status, sampling round, and age group. At randomization, we also compared groups on current home state and NRWV source database. At baseline survey completion, we compared groups on survey response mode, race/ ethnicity, level of education, and ever VA user status. We also tested between-group differences in mean age at baseline using one-way analysis of variance. At the end of the study, we compared groups 1 -3 on the following additional variables: pattern of response to all three postrandomization surveys, final follow-up survey response mode (mail, telephone, or abbreviated survey), and ever VA user status.
External Validity Assessment: Evaluation of Possible Cueing
Effects of the Baseline and Year 1 Follow-up Surveys. To evaluate the possible cueing effects of the baseline survey, we compared group 4 with group 3 (referent) in terms of self-reported mammography experience during the time interval between the dates that the baseline and year 1 follow-up surveys were mailed to group 3 ( Figure 1 ). We defined coverage as the report of at least one mammogram within the year 1 time interval.
To evaluate the possibility of further cueing effects associated with the year 1 follow-up survey, we compared group 5 with group 3 (referent) in terms of self-reported mammography experience during the time interval between the dates that the baseline and year 2 follow-up surveys were mailed to group 3 ( Figure 1 ) . We defi ned compliance as the report of at least two mammograms 6 -15 months apart within the combined total year 1 and year 2 time intervals. We extended the annual mammography interval for measuring compliance from 12 to 15 months to allow for scheduling and insurance constraints ( 54 , 55 ) . We assessed the statistical signifi cance of between-group differences with chisquare tests.
External Validity Assessment: Secular Trend Analyses. We examined secular trends in mammography screening across the 3.25-year study period, independent of intervention trial influences, by comparing all study groups (using group 3 as the referent) on recent mammography history within the 30 months before their respective dates ( Figure 1 ) of baseline survey completion. We defined coverage as the report of at least one mammogram within the 30-month period preceding completion of each group's baseline survey and compliance as the report of at least two mammograms 6 -15 months apart within the same 30-month period.
We fi rst examined secular trends in self-reported mammography screening for all groups using data from their respective baseline surveys. In a second analysis, we focused on the subset of ever VA users to examine secular trends in mammography screening as documented in computerized VA records, independent of baseline survey completion. Mammography status for ever VA users with no mammogram dates recorded in the VA databases was coded "0," a "worst-case" method of imputation ( 56 ) . Finally, we compared the self-reported baseline mammography screening rates in our study population with the corresponding rates reported for the general US female population ( 57 , 58 ) . The statistical significance of differences between groups was assessed with chi-square tests.
External Validity Assessment: Comparison of Non-
participants With Participants at Study End. We compared the characteristics of nonparticipants with those of study participants retained through the end of the trial in groups 1 -3. Participants were study candidates who provided complete mammography information on either their year 1 or year 2 follow-up surveys. Nonparticipants in groups 1 -3 were first divided into two general categories, "presumed eligible" and "reported ineligible." Presumed eligible candidates include those who refused to participate and those who never responded to any study survey, that is, "never respondents." Reported ineligible candidates include decedents, nonveterans, males, candidates under 52 years of age, those with no forwarding address, those with a history of breast cancer, those on active military duty, and those physically or mentally unable to participate. To examine between-group differences in the proportion of nonparticipants relative to participants after adjustment for covariates, we compared each subtype of presumed eligible non participants with participants using multiple logistic regression models that included the following covariates: age group, sampling round, and NRWV source database. All data analyses were conducted by the data manager using Stata Statistical Software.
Results
Flow Diagrams: Passage of Study Candidates Through Each Stage of the Trial
Of the total 1.4 million NRWV records, records for 83 292 individuals were excluded due to missing or invalid SSN ( Figure 2 ) and represent older, pre -Vietnam Conflict veterans with no record of VA benefits. A total of 177 068 records formed the initial pool of potential age-eligible study candidates from which we drew a total random sample of 23 000 records ( Figure 2 ) in two sampling rounds (ie, 12 000 in round 1 and 11 000 in round 2). Linkages with the updated VA databases led to exclusions due to errors in SSNs, ineligible birthdates, and death; these exclusions reduced the final candidate pool to 160 719 and the final random sample to 21 449 (11 448 from round 1 and 10 001 from round 2). As expected, due to deaths among older individuals during the 9 months between the two sampling rounds, average birth years differed (median = 1936 for sampling round 1, median = 1937 for sampling round 2, P = .005). Also as expected, a greater number of regular users of VA health services had died by the time we selected potential study candidates in sampling round 2. Thus, the source databases for sampling round 1 records were more often VA OPC or PTF (27%) than the source databases for sampling round 2 records (24%, P = .001). Sampling rounds 1 and 2 did not differ on state of residence ( P = .65), and sampling round did not predict either a refusal to participate (odds ratio [OR] = 0.97, 95% confidence interval [CI] = 0.86 to 1.09, referent = round 2) or a report of ineligibility for any reason (OR = 1.10, 95% CI = 0.99 to 1.22, referent = round 2) in response to the eligibility survey. Therefore, we combined the two sampling rounds to simplify the flow diagram in Figure 2 .
After excluding additional ineligible individuals due to death, male sex, or ineligible birthdate ( Figure 2 ), we acquired addresses and sent eligibility surveys to a total of 16 341 potential study candidates. Response to the eligibility survey reduced the list of study candidates to a total of 4048 eligible candidates and 10 366 nonrespondents with unknown eligibility status. Potential study candidates were randomly assigned in roughly equal numbers to one of the fi ve study groups ( Figure 2 ) . Before mailing the baseline surveys, we excluded an additional 321 ineligible participants who were identifi ed from eligibility surveys that had been received after the randomization cutoff date, which left a total of 10 045 nonrespondents with unknown eligibility status.
The 14 093 study candidates in groups 1 -5 were tracked from the date of their baseline survey mailings to the end of the study ( Figure 3 ) . By the trial's end, groups 1 -3 had a total of 3126 participants and 5311 nonparticipants for the intervention effectiveness analyses and for the third external validity assessment. Of the nonparticipants in groups 1 -3, 2157 were presumed eligible and 3154 were reported ineligible ( Figure 3 ) . Of those presumed eligible in groups 1 -3, 447 never responded and 1710 refused ( Figure 3 ) . Whereas the parallel groups 1 -3 had similar numbers reported ineligible within each subcategory, the marked differences in the numbers reported ineligible for groups 4 and 5 (shaded in Figure 3 ) refl ect the time lags and fewer study contacts imposed by the study's design ( Figure 1 ) . By the study's end, we were able to establish study eligibility for 21 340 (92.8%) of the 23 000 records drawn from the NRWV. Flowchart of study candidates through the end of the study. For the intervention effectiveness assessment, groups 1 -3 were sent parallel surveys at baseline, year 1, and year 2, whereas control group 4 ( darker shading ) was sent only the baseline survey delayed 1 year, and control group 5 ( lighter shading ) was sent only the baseline survey delayed 2 years. Asterisk ( * ) indicates that participants are candidates who provided complete mammography data on their year 1 or year 2 postintervention follow-up survey (groups 1 -3) or their delayed baseline surveys (groups 4 and 5). Dagger ( † ) indicates that a total of seven participants in groups 1 -3 were excluded at study's end due to missing mammography data on the fi nal follow-up survey. Double dagger ( ‡ ) indicates that reported ineligible candidates in groups 1 -3 included a total of 210 candidates ( parentheses ) who became ineligible after completing a baseline survey but before the study's end. Section symbol ( § ) indicates that withdrawals among groups 1 -3 candidates included a total of 517 candidates ( parentheses ) who refused participation after completing the baseline survey. A total of 5500 study candidates in groups 1 -3 were eligible for the intention-to treat analysis of intervention effectiveness: 3126 participants and the seven candidates missing mammography data on their year 1 or year 2 follow-up survey (row 3) and 2157 presumed eligible nonparticipants and 210 reported ineligible nonparticipants who became ineligible after completing a baseline survey (row 4).
Internal Validity Assessment
Study Groups 1 -5 at Randomization. At the time of randomization, the five study groups did not differ with respect to any of the covariates tested ( Table 1 ) . As expected, the stratification variables (ie, study candidate status and sampling round) showed the least between-group variation. Study candidates' addresses spanned all 50 states, the District of Columbia, and Puerto Rico. Also as expected for this older population ( 59 ), the states of California, Florida, Texas, New York, and Pennsylvania accounted for 35% of the study population. Study candidates ranged in age from 52 to 100 years (mean = 62.38 years, median = 58 years), with 95% of the study population aged 80 years or younger.
Study Groups 1 -5 at Respective Baseline Survey
Completion. Despite the time lags in baseline survey mailings ( Figure 1 ) , respondents across the five study groups were similar with respect to race/ethnicity, education, ever use of VA health-care services, sampling round, and age group ( Table 2 ) . Mean age at the time of the baseline survey differed in the manner expected across the five groups (63.1, 62.9, 63.1, 64.0, and 64.7 years, respectively; P < .001). Compared with groups 1 -3, groups 4 and 5 were less likely to respond to the baseline survey or to follow-up telephone calls ( Table 2 ) .
Study Groups 1 -3 at Trial's End. The patterns of study candidates' completion of the baseline and postintervention follow-up surveys did not differ across the three groups assigned to the intervention trial ( Table 3 ) . At study's end, there were no betweengroup differences in participants' follow-up survey response mode, ever use of VA health-care services, sampling round, or age group.
External Validity Assessment
Evaluation of Possible Cueing Effects of the Baseline and Year
1 Follow-up Surveys. At the time of the year 1 follow-up survey, 634 of the 900 group 3 respondents (70%) reported receiving at least one mammogram (ie, mammography coverage) since the date their baseline survey was mailed and 764 of the 1091 group 4 respondents (70%; P = .84) reported receiving at least one mammogram in the year before their baseline survey. At the time of the year 2 follow-up survey, 487 of the 802 group 3 respondents (61%) reported receiving at least two mammograms 6 -15 months apart (ie, mammography compliance) since the date their baseline survey was mailed compared with 599 of the1020 group 5 respondents (59%, P = .388) in the 2 years before their baseline survey.
Secular Trend Analyses in Study Groups 1 -5.
Compared with the referent, group 3, self-reported mammography coverage and compliance at baseline survey did not differ at a statistically significant level for any of the other groups ( Table 4 ) . However, coverage in group 5 (82.3%) was lower than that of any other group, and when compared with that in groups 1 -4 combined (85.1%), the difference was statistically significant ( P = .024).
In the subgroup of those who had ever used VA health-care services, which included eligible study candidates regardless of survey completion, group 5 was the only group that differed from group 3 at a statistically signifi cant level on mammography coverage based on VA records ( Table 4 ). Group 5 also had lower rates of both mammography coverage ( P = .002) and mammography compliance ( P = .077) based on VA records than groups 1 -4 combined. Overall, the data in Table 4 suggest a drop in mammography screening rates in the fi nal year of the 3.25-year study. A similar decrease has been reported in the US female population between the years 2000 and 2005 ( 57 , 58 ) . Of interest, among those who had ever used VA health-care services, the mammography screening rates based on VA records for nonrespondents to the baseline survey (n = 1489, 11.6% coverage and 5.5% compliance) were substantially lower than the corresponding rates for baseline survey respondents (n = 2187, 28.1% coverage, P < .001, and 14.4% compliance, P < .001). In other words, when mammography screening was measured by more objective medical records, respondents to the baseline survey had higher mammography screening rates than nonrespondents.
In the 2000 National Health Interview Survey ( 60 ), 79% of US women aged 50 -64 years reported at least one mammogram within the preceding 24 months (ie, coverage); among respondents to the Project HOME baseline survey the rate was 80%. Similarly, the average rate of repeat mammography reported in a recent systematic review by Clark et al. ( 54 ) for women aged 50 years and older who were surveyed between 1995 and 2001, 57%, was very close to the 58% rate of self-reported compliance at baseline (ie, two mammograms 6 -15 months apart) in Project HOME.
Comparison of Nonparticipants With Participants in Groups
1 -3 at Study's End. By the end of the trial, the distribution of the two subcategories of presumed eligible nonparticipants ( Figure 3 ) was similar across study groups 1 -3 ( P = .67). Even after adjustment for available covariates using multiple logistic regression analysis ( Table 5 ) , there were no statistically significant between-group differences in the rates of either refusal or never response. There were no statistically significant interactions between study group and the other covariates, and non -statistically significant interaction terms were dropped from the final logistic models in Table 5 . Regardless of study group, candidates identified from the VA OPC and PTF databases were more likely to refuse or to never respond than those identified from the VA BIRLS databases, and those in sampling round 2 were more likely to never respond than those in sampling round 1 ( Table 5 ) . Compared with older women, study candidates 52 -64 years of age were less likely to refuse participation but more likely to never respond.
Discussion
We demonstrated the feasibility of a population-based health promotion trial and an approach to assess both internal and external validity. The flow diagrams that tracked the passage of study candidates through each stage of the trial and the results from our internal validity assessments across the trial's three key time points provided evidence of Project HOME's internal validity. The results from our three different assessments of external validity Table 1 . Internal validity assessment: equivalence of study groups 1 -5 at randomization (following eligibility survey) *
Independent variables
Group 1, n (%) Group 2, n (%) Group 3, n (%) Group 4, n (%) Group 5, n (%) P † provided evidence of Project HOME's external validity. To date, most trials of health promotion interventions ( 1 ) address internal validity to some extent but provide limited, if any, evidence of external validity. Even among intervention trials using random allocation to increase internal validity, few have assessed the potential threats to internal (as well as external) validity due to nonparticipation among randomized study candidates. Target populations are seldom clearly defined, and the extent to which the final group of study participants represents the target population is rarely evaluated. There are challenges in conducting health promotion research using a historical database such as the NRWV as a research sampling frame. Although these challenges are well known among researchers who conduct long-term morbidity and mortality surveillance studies in large occupational and community cohorts ( 61 -64 ), they are less familiar to health promotion researchers. The NRWV posed several potential limitations for Project HOME. For example, because of inconsistencies in the computerization of military and VA records before the 1990s, the records of some older women veterans who never applied for VA benefi ts are missing from the NRWV. Nevertheless, the NRWV can be considered a virtually exhaustive sampling frame for surviving older women veterans who have ever applied for VA benefi ts and a large sampling frame with no known selection bias for all other surviving older women veterans. Tracing an occupational cohort of women is particularly challenging due to surname changes and the tendency to erroneously substitute a spouse's SSN on offi cial records ( 65 -67 ) . Despite these diffi culties, we were able to establish study eligibility for 93% of the 23 000 potential candidates who were randomly selected from the age-eligible subset of the NRWV.
The fi ve study groups were similar at randomization and at the time they completed their respective baseline surveys on all covariates tested except response rates to the baseline surveys. The lower response rates in groups 4 and 5 (for whom the baseline surveys were delayed 1 and 2 years, respectively, to facilitate external validity assessments) were additional study limitations. Extensive evidence from the survey research literature attests to the marked decrease over time in the response of study candidates to telephone surveys ( 68 , 69 ) . Therefore, it is increasingly important for researchers to establish and maintain multiple modes of communication between study candidates and the research team ( 70 , 71 ) . In contrast to the lower survey participation in groups 4 and 5 of Project HOME, study groups 1 -3 remained similar with respect to their distributions on all measured covariates throughout all stages of the trial. In addition, mammography history, one of the most important predictors of subsequent mammography screening behavior ( 48 -53 ) , was similar in groups 1 -3, whether ascertained by self-report or from VA records. Thus, the results from the intervention effectiveness analyses described in Vernon et al. ( 13 ) are likely to be internally valid.
In the fi rst external validity assessment, receipt of the baseline and year 1 follow-up surveys appeared to have negligible infl uence on subsequent self-reported mammography screening behavior. Therefore, survey cueing effects would be unlikely to explain any statistically signifi cant differences in postintervention mammography screening rates among groups 1 -3. Results from the second validity assessment regarding secular trends in the target population's mammography screening behavior, independent of the trial's infl uence, suggest a slight decrease between the years 2001 and 2004 regardless of the source of mammography information (selfreport or VA record). Similar rates of mammography coverage and compliance in the US female population ( 54 , 60 ) and the decline reported for the US female population between 2000 and 2005 ( 57 , 58 ) lend additional support to the generalizability of our results. Nevertheless, Project HOME was limited in its ability to ascertain mammography use objectively because the majority of women veterans have never used VA health-care services and even regular users often alternate between VA and private health-care providers ( 30 -32 ) . In addition, VA records do not systematically document mammograms received outside the VA system. Restricting our ascertainment of mammography based on VA * VA = Veterans Administration. P values are from two-sided chi-square tests. † Two participants died less than 30 days after completing the baseline survey and were ineligible for the intervention effectiveness analysis. ‡ Two participants died less than 30 days after completing the baseline survey and were ineligible for the intervention effectiveness analysis. § Two participants had incomplete mammography data.
|| Three participants had incomplete mammography data. ¶ Two participants had incomplete mammography data.
# Three thousand one hundred and twenty-six participants had complete mammography information on their year 1 or year 2 follow-up survey. records to the subgroup of ever users of VA health-care services reduced the degree to which we underestimated true mammography screening rates in our intention-to-treat analyses. Randomization tends to balance the degree of underestimation across study groups, and this type of nondifferential misclassifi cation ( 72 ) would be expected to produce slightly more (not less) conservative intervention effect estimates (ie, closer to the null). An additional related limitation in Project HOME was the large number of presumably eligible nonparticipants (2157, vs 3126 eligible participants for groups 1 -3). In our comparisons of presumed eligible nonparticipants with eligible participants, there were no statistically signifi cant between-group differences from either the univariate or multivariable analyses that included all available covariates. However, the observed statistically signifi cant differences between nonparticipants and participants on covariates independent of study group (eg, age, sampling round, NRWV source database) would bias absolute but not relative measures of intervention effects because the covariate distributions were balanced across the study groups. Similarly, restricting our outcome analyses to study participants could overestimate the true absolute betweengroup differences in the total study population if eligible nonparticipants had lower postintervention mammography rates. Indeed, in the subset of women who had ever used VA health-care services, mammography coverage and compliance rates based on VA records were lower in nonrespondents than in respondents to our baseline survey. Because we used intention-to-treat analyses and computed relative (not absolute) between-group differences ( 13 ), the trial's relative intervention effect estimates would be biased only if eligible nonparticipants differed materially from participants on important but unmeasured confounders ( 72 ) . In the report by Vernon et al. ( 13 ) , we were able to examine the net effect of such residual confounding in the subgroup of women who had ever used VA health-care services by comparing intervention effect estimates from analyses based on postintervention mammograms reported in VA records with those based on self-reported mammograms. The differences were consistently negligible, supporting the external validity of our relative measures of intervention effects.
In the absence of a universal health-care system, measuring the effectiveness of cancer prevention and control strategies is challenging because it requires the study of large, well-defi ned, representative populations with access to health care ( 19 ) . Clinical cancer research in the United States has benefi ted from the existence of research networks like the Community Clinical Oncology Programs ( 73 ) , but until recently such networks have not been available for cancer prevention research. The National Cancer Institute -funded Cancer Research Network, which has been in existence since 1999, provides a multicenter collaborative setting in which to pursue more generalizable cancer-related health promotion research among persons with access to health care ( 74 ) . The occupational cohort of veterans provides a nationally representative target population capable of supporting highly generalizable research in cancer prevention and control because all veterans are ensured access to health care through the VA's safety net ( 29 ) , and objective measures of study outcomes are available for a large subset of the target population through the VA's electronic databases. Moreover, results from our internal and external validity assessments suggest that Project HOME's fi ndings regarding intervention effectiveness can be generalized, beyond the female veteran cohort to the entire US population of women aged 52 years and older.
To our knowledge, this is the fi rst study in the cancer screening intervention literature to systematically examine and provide evidence for both internal and external validity. Although standards of practice relating to external validity are in an earlier stage of development than those for internal validity ( 4 , 11 , 14 , 17 ) , meeting the National Institutes of Health objective to develop effective interventions that can be widely disseminated ( 5 ) will require evidence of external as well as internal validity. Successful intervention development and dissemination will depend as much on the validity of trial fi ndings as on the innovativeness of the interventions. The study design and data analysis strategies that formed the basis of the systematic validity assessment described here can be readily adapted to future intervention trials.
